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Method of codina a fi±«T»ai , ■ 

ng a signal usxng vector quantization 



Specification 



The present invention relat*>o 

conprising Jc code vectors ^ ^ codebook 

3.9nal, Wherein an optical code vectL of . " °' 

determined performing a codeboorsearch 
The present invention further rel 

coder/decoder (CODEC) („ ^. ^ Processor and a 

CODEC. ' P^'^""^" speech and/or audio 

on'™'^\;"^«LTf^^ algorithms based 

that is to be transmitted at ' 

algorithms reguireTgrel delr^^'"" ^^"^ '""e 

systems based thereon! e ^ 2l P°"«. 

' «.g. gateways, transooders or mobile 
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switching centers, are very expensive. 

.IV it is an object of the present invention to 
Consequently, it is an j signal which requires 

propose an improved method of coding a sig 
less computational power. 

...s oWect is achieved perfo^in. said code.00. sea.c. in 
parallel 

by dividing said codeboo. into p codeboo. groups, 

. by simultaneously deteminin, p optimal 

vectors each of which corresponds to one of saxd p 
codebook groups, and 

. determining said optimal code vector among said p 

optimal group code vectors. 

=«r.« often provide for a plurality of 
Since modern P^-^-Jf/^f 3dditions and/or 
calculation units that can p possible to 

multiplications within °- .^f "^//f; IJ^^o, search 

^ixr tivecute various steps ox t>cij.v^ 
simultaneously execut ^^^^^^ ,^,,,^,.ns corresponding to 

in P^""^'-/^"^^," depend on preceding operations, however, 
one code vector often ''^P^"^ ^ „j operations 
Simultaneous execution of a PXurali Y ^^^^ ^ 

corresponding to a single coae v 

limited extent. 

.berefore it is ^ 2^^:^^::^ of 

r nL:^: contained m said codeboo. 

. . it is not necessary that each codebook group has the 
Though It IS not j ^u^c: the preferred 

same number k/p of code /^^^^^^'^.f/J.akes about the 

embodiment since in this case codebook search 
same time for each codebook group. 

V, oon,«rises simultaneously determining p 
'T'l rorc-vrc irfarof corresponds to one of 

::::: crebL. groups. Xhe calculations necessary for 
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evaluating the optimal group code vector of one codebook group 
are independent from calculations conducted within any other 
codebook group. Hence these calculations can be performed in 
parallel, wherein a plurality of calculation units is 
advantageously employed. 

After this step, p optimal group code vectors are obtained. 
Each group code vector represents the best result of a local 
codebook search limited to the corresponding codebook group. 

Finally, the p optimal group code vectors are compared to each 
other so as to find the optimal code vector of the entire 
codebook. These comparisons can also be performed in parallel • 

Since the codebook search is one of the most complex parts 
within speech CODECS using vector quantization, the parallel 
codebook search in said codebook groups according to the 
invention results in a significant performance gain of the 
overall procedure. For instance, if p = 2 is chosen, the 
codebook search time is reduced to nearly half the processing 
time as compared to prior art systems. 

According to an advantageous embodiment of the present 
invention, said step of determining said optimal code vector 
among said p optimal group code vectors comprises evaluating 
an index of each optimal group code vector uniquely 
identifying each optimal group code vector within said 
codebook. 

Codebook search is conducted in a sequential order within 
standardized prior art methods. Parallelizing portions of the 
codebook search can lead to results which are different from 
those obtained with a standardized method regarding the 
optimum code vector, i.e. the coding method employing 
parallelism within codebook search- might not have conformity 
with said standards. Especially, this can be the case if there 
are different data/number formats and overflow handling 
routines . 
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the oresent invention, this problem is solved by 
Accordxng ^^^^^ ^-//^^^ ,,o,p code vectors, 

evaluating sa.d xndex of P ^ ^3,^ of the index 

which has been proven. 

^ ^ ^-v,^. nresent invention is characterized 

sc-called gain factor prior to further processing. 

vet another advantageous er-bodiment of the present invention 

r »!rerized in that a comparison of code vectors is 
^Ltr::: s:id code^oo^ search, „herein said comparison 

is based on a cross multiplication expression 

Ce * Ei>.,t >< Et * Cb..t, 
. w H or, fixed point operations and leads exactly to 
„.ich IS ^-/^;"^/;'':tandardized serial algorithm, wherein C. 
the same ^ ^ f corresponding to a t-th code vector 

::d%r:t the ^oss term corresponding to a te^orarily best 
rde rctor, and -herein is a --called energy term 
oorresDonding to said t-th code vector and E„.t is the en gy 
corresponding to said temporarily best code vector. 

v-^v, scalar performance measure for said 
Tr, t-his codebook search, a scaxar peiJ->^ ^. 

r-trcode vector rtrstTd^rs «rc^a:r:aid"energy 

fe'rit rndtitrL^d X^^-on of said -eboo^^ -arch, 
the opUmal code vector having the largest ratio C./E. 

determined. 

TO Simplify and accelerate calculation steps ' °^ 

romping Le ^-^i^^^--;^::^::^^:^:^^ 

rt-fcr::: ririprt:::nae33ion is used for avoiding 
division operations. 
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Said comparison is employed for determining said group code 
vectors of said codebook groups, and to ensure conformity with 
standards such as ITU-T G. 723.1, ITU-T G.729, GSM enhanced 
full-rate (EFR), GSM narrowband (NB) AMR and GSM wideband (WB) 
AMR regarding the optimal code vector, if there are several 
group code vectors with equal ratios C/E or cross 
multiplication expressions, respectively, the group code 
vector having the smallest index is chosen as optimal code 
vector. 

Another very advantageous embodiment of the present invention, 
wherein said method of coding is based on a code excited 
linear prediction (CELP-) algorithm comprising a synthesis 
section, is characterized in that elements of a matrix 
representing a transfer function of at least one filter of 
said synthesis section, and/or elements of auto-correlation 
matrices used within said CELP-algorithm and/or further 
precalculation and postcalculation steps for a/said comparison 
of code vectors are generated/evaluated in parallel. This 
leads to an acceleration of the calculations performed within 
the CELP-algorithm which is proportional to the degree of 
parallelism achieved. 

Significant savings of execution time can especially be 
achieved by parallel processing of the elements of said auto- 
correlation matrices because these must be cyclically re- 
calculated depending on a periodicity of the algorithm. 

According to a further advantageous variant of the present 
invention, said codebook comprises pulse code vectors. 

As a further solution to the object of the present invention, 
a method is proposed, which is characterized in that a 
processor with configurable hardware and/or with acceleration 
means specifically designed for said method is used for 
parallel execution of steps of said method. Using such a 
processor on the one hand reduces coding overhead when 
specifying computer programs capable of performing the method 
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according to the invention, and on the other hand, optimal 
acceleration of coding steps such as the codebook search and 
so on is guaranteed. 

A further very advantageous embodiment of the present 
invention is characterized in that said processor provides 
means for simultaneously accessing a plurality of said signal 
values located in a memory- For instance, if said signal 
values of said audio or speech signal to be coded or of said 
auto-correlation matrices are represented by 16 bit data 
words, a 64 bit read instruction provided by the processor 
allows for simultaneously accessing four signal values located 
in said memory. This is especially advantageous since parallel 
processing of coding steps of e.g. speech coding often 
requires a plurality of input data words delivered to 
calculation units of the processor simultaneously, too. 

As a further solution to the object of the present invention, 
a processor capable of performing the method according to the 
invention is proposed. 

Yet a further solution to the object of the present invention 
comprises a coder and decoder (CODEC) , in particular speech 
and/or audio signal CODEC, which is capable of performing the 
method according to the invention. 

Further features and advantages of the present invention are 
explained in more detail below with the aid of the 
accompanying drawings. 

Figure 1 shows a codebook, and 

Figure 2 shows a schematic block diagram of an embodiment of 
the present invention. 

Figure 1 shows a codebook CB comprising 1024 code vectors c_0, 

c_1023 which are uniquely identifiable within said 
codebook CB via an index ranging from 0 to 1023. 



Said code vectors c 0, mo^ 

represented in Figure 2. schematically 
term synthesis filter Inlr T f ^''""-tern, and a long- 

an. the ,1.:" ^i^it:":^^^^^^ ^''^ 

as input. The code vectov = °'" ''^"^ codebook CB 

Within a ™ultipli./r . r ' ''^'"^ 

said synthesis seotil s™.' ° Processed in 

Within said synthesis section qvM 

excitation sequence to svntZ """^ « 

M^^iiue to synthesize soeerh 

:n\i\i?-\ii- at^he^:- Ttr 
:;ntesi.:d" :;e^Vsra\rart: — ^^^^^^^ :r 

After filtering said error sio^, ' "^"""'^ ''^"^ - 

filter w that reduces i^f! ^ " ^ Perceptual weighting 

i-eauces information imperceni- i ki ^ ^- w 
mean square error is evaluated yieldC aff ' 
which characterizas the code 

sequence beforehand. "'^ excitation 

This procedure is conductart f^^ 

Of said codebook CB, ILh fLan'^ ^"^^ 
vector that is charicterrld k k '° "^""^^ 

P_e_opt. The optimal code ^T"'' 
codebook search. ''^ Performing a 

To accelerate the process of , 
vector, the codebo!k CB L divL d ' 

=B_0, CB.l as can be se^: in"; gt^^r^: t'hf ^"""^ ~ 

^j-yure i. in the present case. 
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rn Q comprises code vectors c_0, c_511. 



c 512, c_1023 



n ru 1 an optiraal 
... eacK sal. two ---^ -fn^a I ;i U^uX.aneously 

CB_0, CB_1. 

. ^»h„olc search Is described In M.R. Schroeder and 
A standard codebook ^^^^^ predicition (CELP) : High 

B. S. Rtal, «Code-exc.ted 1^"^" . ,f icRSSP-85, 

,.aUt. speech at --/^^ ,,sa. Mvanced 

'r/lfid Stan rd co;eboo>c search comprise extensive 
::::rc:;si:;lt.ication3 and state.o.-the.art co„pae..tv 
reductions as presented in 

.- n T Krasinski and R.H. Ketchum, ^Analysis 
- W.B. KleiDn, D.J. KrasmsKi . , in SELP" in 

and improvement of the vector quantization in 

o€ Eusipco-88, (Grenoble, France), p. IV 
P,oc of ^-J^; 3^,,,,, publishers B.V. North- 

1046, Eurasip, t-isevxco. 

Holland, Sept. 1988, 

r M Trancoso and B.S. Atal, "Efficient search 
- I selecting the optimum innovation m 

procedures ^^^^^^ transactions on Acoustics, 

stochastic coders , xn-n. , or q 385-396, 

speech, and Signal Processing, vol. 38, p. 

March 1990, 

, • • n T Krasinski and R.H. Ketchum, "Fast 
. W.B. Kleijn, D.J. Krasins .,„„,ithm", IEEE 

methods of the CKL. speech codrn, ^^9°"^^ ' 
Transactions on Acoustics, Speech, and Sijnal 
processing, vol. 38, p. 1330-1342, Aug. 1990 
w B Kleijn, D.J. Krasinski and R.H. Ketchum, -Improved 

- reecr^aUt. and e«icient -----^r ^ , "s5- 
. rs-F TrASSP-88/ (New YorJc) / p- 

SELF" in Proc. or iCAb^jf oo, 

158, IEEE, 1988 
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- M. Johnson and T. Taniguchi, «On-line and off-line 
computational reduction • 

- C G. Gerlach, «Beit«ge zur Optl^alitat in dar 

value Of a ratio which is uael as a oerf 

.or the t-th code vector is the higher the WeT a"^^ "^^'"^ 

corresponding error energy P e t ch.r;,^^ • 

vector c t i.. The ratio c/l ,- the code 

Within sa-id code^oorslrch '° """""^ 

To simplify and accelerate 

comparing the ratio c" /I ^-^--ed for 

wrth the ratio of the t-th code vector c t a ' 

nultipiication expression " 

Ct ♦ Eb.„ X Ec • Cb,.t, 
which is based on fixed point ODeraH„„. ■ 

division operations. °P««ions .s used for avoiding 

To carry out said comparison and to store indi™= , 
vectors already processed, precalcuj!. """^ 
-Itiplication expression^c'r h r--"c":' 
to the invention - are carried out in parlueT ' 
specifically designed oalcl.^- P^^Uel by using 

designed dig'ital s" naltoce Ir" 1 ' ^-^"""^ 

aft. performing said co:>aris™so::: f^r^T"^ 

calculation units comprising multiplicators and adders 
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The corresponding computer program controlling the DSP is 
optimized with respect to parallelism of calculations. 

After obtaining the optimal group code vectors of both 
codebook groups CB_0, CB_1, the optimal group code vectors are 
compared to each other to get the optimal code vector of the 
entire codebook CB. 

To ensure that the mostly parallel evaluation of the optimal 
code vector according to the present invention conforms with 
existing speech coding standards performing this type of 
vector quantization, the index of the optimal group code 
vectors is also considered when comparing the optimal group 
code vectors . 

Standardized prior art methods employ a linear search method 
within the codebook search, starting with index value 0 up to 
index value 1023 in the present case. Only upon finding a 
better code vector having a higher performance measure than 
the presently ''best'' optimal code vector within this linear 
search, the presently best code vector is replaced by said 
better code vector. Otherwise, no changes are applied. 

Hence there might be a difference between codebook search 
results of standardized methods and the method according to 
the present invention. 

To attain absolute conformity with the corresponding 
standards, the method according to the present invention . 
evaluates said index of the optimal group code vectors and 
uses the information so obtained for ensuring conformity with 
the standardized methods. 

This is done in case of the above described serial algorithm 
by preferring the code vector with the smaller index if in a 
comparison between group code vectors equality regarding said 
cross multiplication expression occurs. 

An additional reduction of execution time is achieved by 
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generating/evaluating elements of matrices representing a 
transfer function of at least one filter of said synthesis 
section SYN, and/or elements of auto-correlation matrices used 
within said CELP-algorithm, in parallel. A significant 
decrease of execution time can especially be achieved by 
parallel processing of the elements of said auto-correlation 
matrices because these matrices must be cyclically re^ 
calculated. 

The signal values of said speech signal s and of said elements 
of said auto^correlation matrices are represented by 16 bit 
data words, and since a 64 bit memory read instruction is 
provided by the DSP, four signal values located in a memory of 
said DSP are accessed simultaneously which ensures that even 
in case of simultaneous evaluation of a plurality of signal 
values input data is always available. 

The DSP also has acceleration means implemented on a hardware 
basis which are specifically designed to evaluate complex 
expressions that are to be computed repeatedly within few 
machine cycles. 

The method according to the present invention can also be used 
with standard DSPs that have a plurality of computing means 
such as multiplicators and adders. In this case, the computer 
programm controlling the speech coding has to be specifically 
adapted to the available resources of the standard DSP* 

The overall acceleration of the codebook search process that 
can be achieved with the method according to the present 
invention ranges from about 200 percent to 500 percent, the 
method at the same time attaining absolute conformity with 
existing speech coding standards. 

With these improvements it is possible to increase the number 
of communication channels based oil CELP CODECs provided within 
gateways and transcoders for communication networks thus 
reducing overall costs. 
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on o.her hand, mobile .e^inaXs retiring less energy for 
CELP coding can be implemented. 
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-. Method of codina a «5irTr,=ii / » 

Cling a sxgnal (s) , m particular an audio or 

speech signal, wherein a codebook (CB) ^«„, • • 

ueoooK (CB) comprxsxng k code 

vectors (c_0, c_k-l) is provided for vector 

quantization of a signal vector representing a set of 

signal values of said signal (s), wherein «n . 

Ks,,, wnerexn an optimal code 

vector o. 3ai. cCaW. ,CB, .3 .ete».„e. p..,„.„,„, 
a codeboo. search, characterised in that sale codeboo. 
search is performed in parallel 

- by dividing said oodeboo. ,CB, into p codebook 
groups (CB_0, .., CB_p-l), 

- by Simultaneously determining p optimal group code 
vectors each of which corresponds to one of said p 
codebook groups (CB_0, .., CB_p-l,, and 

- by determining said optimal code vector among said p 
optimal group code vectors. 

Method according to claim 1, characterized in that said 
=tep Of determining said optimal code vector among said p 
optimal group code vectors comprises evaluating an index 
Of each optimal group code vector uniquely identifying 

each optimal group code vector within said codebook ,CB, . 

Method according to one of the preceding claims. 

Characterized in that said vector guantization is of the 

Shape-gain type. 
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Method accordln, to one of the preceding olax«s, 
characterized in that a comparison of code vectors is 
performed within said codaboo. search, wherein sa.d 
comparison is based on a cross multiplication expression 

Ct * Ebest X Et * Cbest, 

Which is based on fixed point operations and leads 
exactly to the same result as a standardized serial 
algorithm, wherein C. is a so-called cross term 

term corresponding to a temporarily best code vector, and 
Wherein E. is a so-called energy term corresponding to 
said t-th code vector and E».„ is the - energy term 
corresponding to said temporarily best code vector. 
Method according to one of the preceding claims, wherein 
said method is baaed on a code excited linear prediction 
(CELP-) algorithm comprising a synthesis section, 
characterized in that elements of a matrix representing a 
transfer function of at least one filter of said 
.vnthesis section, and/or elements of auto-correlation 
matrices used within said CELP-algorithm and/or further 
precalculation and postcalculation steps for a/sa.d 
comparison of code vectors are generated/evaluated in 
parallel. 

Method according to one of the preceding claims, 
■ Characterized in that said codeboo. <CB, comprises pulse 

code vectors. 
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Characterized In that a processor with con«,uraWe 

hardware and/or with acceler«M-^« 

acceleration means specifically 

designed for said method is used for Dar.i7 i 

° parallel execution 

of steps of said method. 

Method according to clai™ characterized in that said 
processor provides „eans .or si„uXtaneou3iy accessing a 
Plurality of said signal values located in a „e„ory. 
Method according to one of the clai^ l to 6 
Characterized in that a standard processor, In particular 
a digital Signal processor ,CSP, , is used for parallel 
execution of steps of said method, „.erei„ said steps of 
3a.d .ethod are optimized regarding calculation ™eans of 
3aid standard processor and/or execution time. 

processor capable of performing a method according to any 
Of the preceding claims. 

coder and decoder (CODEC,, i„ particular speech and/or 
audio Signal CODEC, capable of performing a method 
according to one of the claims 1 to 9. 
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Abstract 



The present invention relates 

(3), in particular an au.L or spre^T 1 ^^''"^ ^ ^^^"^^ 
codeboo. (CB) comprising . code vecto.r""^'' ^ 
quantisation of a signal vector representlnr"''"'" 
values of said signal (s) and h ^ ^^""^^"^ ^ of signal 

of said codebook (CB) is determLrrK'' ^'^ ^^^^ 
search. c^etermaned by performing a codebook 

Parallelism is employed to acceler;,*-^ 

particular, the codebook search is hL^ '^^'"'^ Procedure, m 

IS highly parallelised. 
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